
A VIDEO BASED COLOR SENSING DEVICE FOR A PRINTING PRESS CONTROL SYSTEM
BACKGROUND OF THE INVENTION The present invention relates to control
systems for a printing press. In the past, four process inks (cyan,
magenta, yellow and black) have been used on a printing press to produce
copies with a gamut of colors. To improve trapping and reduce ink cost,
various undercolor removal techniques (UCR) and grey component replacement
(GCR) techniques have been used in color separation processing. The UCR and
GCR techniques remove a certain amount of the cyan, magenta and yellow ink
from some printing areas and replace them with a certain amount of the
black ink. Thus, the black ink has been used to generate not only the text
but also the color image, thus reducing the total volume of ink used to
print. Different color separation equipment manufacturers offer different
UCR and GCR techniques to determine when this black ink substitution will
take place and what amount of inks will be substituted. In the past, the
press room color reproduction quality control process has been divided into
two categories: "control by target" and "control by image." In the "control
by target" method, a set of color control targets is printed in a margin.
Instruments, such as densitometers, are used to monitor the color
attributes, such as the optical density, of these targets. The printing
press is then adjusted based on the measured deviation of these control
targets from a predefined attribute value.  The application of this method
for quality control creates waste and consumes resources in that an 



-2- additional process is required to cut off this target from the final
product. It also requires tight material control for paper color and
porosity, ink color, and other printing parameters so that the desired
image color is maintained. In the "control by image" method, the print
image on a production copy is compared with the printed image on a
reference copy, called a proof. The press is then adjusted based on the
difference between the production image and the reference image. This
system is more versatile because it does not require an additional target
to be printed. The "control by image" method is also more accurate than the
"control by target" method because in some situations although the measured
attributes of control targets on the production and reference images are
the same, the two images will look different. Conventionally, both the
image comparing task and the press adjusting task are performed by a press
operator. To improve the productivity and the color consistency, several
automatic printing quality inspection systems have been reported recently.
These systems use opto-electronic sensor devices, such as a
spectrophotometer, or CCD color cameras, to measure the color reproduction
quality.  Currently, the bandwidth of these sensor devices is limited to
the visible region of 400 nm through 700 nm in wavelength of the
electromagnetic spectrum. However, within the visible region, it is not
possible for these devices to reliably distinguish the black ink from the
process black made by the 



combination of cyan, magenta, and yellow inks, or to determine    -3-
whether the black ink or all cyan, magenta, and yellow inks should be
adjusted. Although these devices, such as spectrophotometers, might be able
to measure the printed color accurately, it is difficult to use the
measured color information to achieve the automatic control for a
four-color press without a target due to the involvement of the UCR and GCR
techniques. A control method without targets could require selecting the
points in the image to be measured or a large number of measurements would
have to be acquired.    A  camera  system  can  acquire  a large  number
of measurements simultaneously, giving it an advantage when targets are not
printed. Since the quality of control can be attributed, in part, to the
consistency of measurement, it becomes necessary to provide the means to
ensure this consistency. In order to control the printing press accurately,
there are two fundamental requirements for this camera based color sensing
system.   These two requirements are position-invariant and time-invariant.
The position-invariant requirement ensures that consistent measurements can
be obtained from a sample regardless where this sample is positioned in the
camera field of view. The time-invariant requirement ensures that
repeatable measurements can be obtained from a sample over a long period of
time. However, many components used in a camera measurement system 



are not position-invariant. For example, a lens transmits less light at its
border region than it does in its center region.    -4- Normally, the
relative illumination of a lens is proportional to the fourth power of the
cosine of the viewing angle. This means that at a 30-degree viewing angle,
the relative illumination is only 50% of that along the optical axis of the
lens.  At a 45- degree viewing angle, the relative illumination is further
reduced to 25%. Thus, an image obtained from an uniformly illuminated area
will have darker corners, especially when the viewing angle is large.
Depending upon the type of glass and surface coatings used, this dark
corner problem may also be wavelength related. Therefore,  certain camera
channels may have more dark corner problems than other camera channels. To
overcome this dark corner problem, maintain a higher dynamic range and to
enable a uniform target to be viewed by the camera as uniform, more light
is needed in the corner regions of the camera field of view. Many
components are not time-invariant.   For example, the output of a lamp may
vary based on the variation of the supplied voltage and ambient
temperature. The characteristics of the camera preamplifier and
analog-to-digital conversion circuit may also change from time to time. The
camera lens iris setting may also be changed by vibration. All of these
factors decrease the system repeatability. To achieve and maintain the
position-invariant and time- 



invariant requirements, a standard viewing condition is needed in order to
compensate these variables.    -5- SUMMARY OF THE INVENTION A principal
feature of the present invention is the  provision of an improved lighting
system for a control system of a printing press. A color sensing device for
a printing press control system comprising, a plurality of lamp fixtures
for providing light in the visible region and the near infrared region of
the spectrum to illuminate a viewing area, a camera assembly, said camera
assembly comprising multiple channels to capture images in the visible
region and the near infrared region, and at least one lens for generating
said image, a calibration target with a uniform light reflectance, means
for adjusting the distribution of said light so that images captured from
said calibration target in each channel of said camera assembly is as
uniform as possible, means for applying a position related compensation
process in order to obtain an  image  which  corresponds  to  a
position-invariant  viewing condition, and means for applying a camera
value related compensation process in order to obtain an image which
corresponds to a standard viewing condition. A feature of the present
invention is the provision of means for providing a light compensation.
Another feature of the invention is that the device obtains an 



image which corresponds to a uniform lighting condition. Thus, a feature of
the invention is that the device calibrates the lighting system, and
provides a perceived uniform lighting    -6- condition which provides
position independent measurements for the control system of the printing
press. Further features will become more fully apparent in the following
description of the embodiments of the invention, and from the appended
claims. DESCRIPTION OF THE DRAWINGS In the drawings: FIG. 1 is a block
diagram of a control system for a printing press of the present invention;
FIG. 2 is a diagrammatic view of the system of FIG. 1; FIG. 3 is a block
diagram of the control system of FIG. 1; FIG. 4 is a diagrammatic view of a
camera or sensor for the control system of the present invention; FIG. 5 is
a diagrammatic view of another embodiment of the camera or sensor for the
control system for the present invention; FIG. 6 is a diagrammatic view of
a further embodiment of a camera or sensor for the control system of the
present invention; FIG. 7 is a chart plotting the normalized percentage of
IR Reflection against the percentage Dot Area in a printed sheet; FIG. 8 is
a diagrammatic view of a spectrum of electromagnetic waves including the
visible spectrum and the infrared spectrum; 



FIG. 9 is a diagrammatic view of set of elements for a sensor space and ink
space; FIG. 10 is a block diagram of the sensor space and ink space in
conjunction with the control system of the present invention;    -7- FIG.
11 is a block diagram of the control system for adjusting the printing
press; FIG. 12 is a diagrammatic view of a lighting arrangement for the
control system of the printing press and Fig. 12a is a diagrammatic view of
a calibration target positioned in the field of view of a camera device;
FIG. 13 is a chart showing the intensity of the output of two groups of
lamps in the lighting arrangement; FIG. 14 is a chart showing percentage of
transmittance of two filters used with the lamps; FIG. 15 is a diagrammatic
view of a multi-step calibration target; and FIG. 16 is a chart showing a
mapping between measured camera values and desired camera values.
DESCRIPTION OF THE PREFERRED EMBODIMENTS Referring now to FIG. 1, there is
shown a control system generally designated 10 for a printing press 11 of
the present invention. The control system 10 has a 4 channel sensor 21, a
data converter 23 for processing information from the sensor 21, and a 



device 25 for controlling ink for the press 11. As will be seen below, the
4 channel sensor 21 detects the energy reflected from a paper surface, such
as the paper web for the press 11, in both the visible region and the
infrared region of the electromagnetic spectrum. As shown in FIG. 8,
electromagnetic waves in the infrared    -8- region have a longer wave
length than the visible spectrum, with the wave lengths of the
electromagnetic waves in the region of visible light being approximately
400 to 700 nanometers (nm), and the wave lengths of the electromagnetic
waves in the infrared region, including near infrared, being equal to or
greater than 800 nm. As shown in FIG. 2, the control system 10 has a
support 12 for placement of a sheet of paper 14 with image or indicia 16 on
the sheet 14 in a configuration beneath a pair of opposed lights 18 and 20
for illuminating the sheet 14, The system 10 has a first color video camera
or sensor 22 having three channels for detecting attributes of the inks
from the sheet 14 in the visible region of the electromagnetic spectrum
such as red, green and blue, or cyan, magenta, and yellow, and for sending
the sensed information over separate lines or leads 24, 26, and 28 to a
suitable digital computer 30 or Central Processing unit having a randomly
addressable memory (RAM) and a read only memory (ROM), with the computer or
CPU 30 having a suitable display 32. Thus, the three distinct color
attributes of the inks are sensed by the camera 22 



from the sheet 14, and are received in the memory of the computer 30 for
storage and processing in the computer 30. The system 10 also has a
black/white second video camera or sensor 34 having a filter 50 such that
it senses the attributes of the inks in the infrared region of the
electromagnetic spectrum, having a wave length greater than the wave length
of the    -9- electromagnetic waves in the visible region of light. The
camera or sensor 34 thus senses infrared information from the sheet 14, and
transmits the sensed information over a lead 36 to the computer 30, such
that the infrared information is stored in and processed by the computer
30. The normalized percentage of infrared (IR) reflection vs. the
percentage of dot area is show in the chart of FIG. 7. It will be seen that
the infrared reflectance of cyan, magenta, and yellow inks show no
significant change as a function of percentage of dot area. However, the
normalized infrared reflectance of the black ink displays a significant
change as a function of percentage of dot area, and changes from a
normalized value of 100% IR reflection for 0% dot area to approximately 18%
IR reflection corresponding to 100% dot area. Hence, the black ink may be
easily sensed and distinguished from other color inks in the infrared
region of the electromagnetic waves. As shown in FIG. 2, the sheet 14  may
contain a printed image or indicia 16 which is obtained from a current
press run of the 



press 11, termed a production or current copy. In addition, a sheet 38
containing a printed image or indicia 40, termed a reference copy, from a
previous reference press run may be placed on the support 12 beneath the
cameras 22 and 34 in order to sense the energy reflected from the sheet 38,
and send the sensed information to the memory of the computer 30 for
storage and processing in the computer 30, as will be described below.
-10- Thus, the cameras or sensors 22 and 34 may be used to sense both the
current copy or sheet 14 and the reference copy or sheet 38. The
information supplied by the cameras 22 and 34 is formed into digital
information by a suitable analog to digital converter in a frame grabber
board on the computer 30. Thus, the computer 30 operates on the digital
information which is stored in its memory corresponding to the information
sensed from the sheets 14 and 34 by the cameras or sensors 22 and 34.
Referring now to FIG. 3, there is shown a block diagram of the control
system 10 for the printing press 11 of the present invention. As shown, the
four inks (cyan, magenta, yellow, and black) of the four-color printing
press 11 are first preset, after which a print is made by the press 11 with
a current ink setting, thus producing a production or current printed copy,
as shown. The color and black/white video cameras or sensors 22 and 34 of
FIG. 2 serve as a four channel sensor 21 to capture an image of the current
printed copy, and then place this information into the 



memory of the computer 30 after it has been formed into digital
information. Next, an "Ink Separation Process 23 is used to convert the
red, green, blue and IR images captured by the four channel sensor 21 into
four separated cyan, magenta, yellow and black ink images, which represent
the amount of corresponding ink presented on the live copy. The "Ink
Separation Precess" 23 may utilize mathematic formulas, data look up tables
or other suitable means to perform    - 11 - the data conversion task. The
similar processes are also applied to the reference copy. First, the four
channel sensor 21 is used to capture the red, green, blue and IR images
from the reference copy.  Then, the "Ink Separation Process" 23 is utilized
to obtain the cyan, magenta, yellow and black ink images, which represent
the amount of corresponding ink presented on the reference copy. As shown,
the ink images of the production copy are compared with the ink images of
the reference copy by the computer 30 to detect the variation of ink
distribution for each of the cyan, magenta, yellow and black inks. The
determined differences in ink distribution are then processed by the
computer 30 in order to obtain an indication for controlling the keys or
other devices of the press 11 in an ink control process, and thus provide
an indication of an ink adjustment to the press to obtain further copies
which will have a 



closer match to the reference copy. The indication of ink changes may be
automatically supplied to the press 11, or the operator may utilize the
indications of ink color attributes to set the press 11, such as
adjustments to ink input rate by using the keys. In the past, four process
inks (cyan, magenta, yellow, and black) have been used on a printing press
to produce copies with a gamut of colors. In these systems, the black ink
has been used to generate not only the text but also the color image. In a
control by image system, the print image-of a production copy is compared
- 12 - with the printed image on a reference copy, termed a proof, and the
press is adjusted based on the difference between the production image and
the reference image. However, within the visible region, it is not possible
to reliably distinguish the black ink from the process black made by the
combination of cyan, magenta, and yellow inks, or whether the black ink or
all cyan, magenta, and yellow inks should be adjusted. The four channel
sensor 21 is utilized to sense not only attributes in three channels of the
visible region, the fourth channel of the sensor 21 senses an attribute in
the infrared region in order to determine the correct amount of inks,
including black ink, to correctly reproduce the proof. The printing press
control system uses the four channel detector or sensor 21 to detect the
energy reflected from a paper surface, such as the sheets 14 and 38, or the
paper web of the press 11, with three channels being in 



the visible region and one channel being in the infrared region of the
electromagnetic spectrum. The control system 10 has a device 23 for
converting the output of the sensing device 21 to a set of variables which
represent the amount of.ink presented on the paper for any of the cyan,
magenta, yellow, and black inks, and a device 25 responsive to the
converting device 23 for adjusting the four- color printing press 11 to
maintain the color consistency. In a preferred form, the bandwidth of the
infrared channel may be between 800 nm and 1100 nm, which is a portion of
the near infrared region, and which is compatible with a regular silicon
-13- detector, although the working wavelength of the infrared channel may
be longer than 1100 nm. At least three distinct channels are utilized in
the visible region which may correspond to red, green, and blue  (RGB), or
cyan, magenta, and yellow (CMY), or other colors. The bandwidth of each
channel in the visible region may be less than 70 nm, more than 100 nm, or
any value in between, with channels having a multiple peak in its passing
band, such as magenta, being also included. The sensor device 21 may be
constructed from either a single element detector, a one-dimensional
(linear) detector, a two- dimensional (area) detector, or other suitable
detector structure, as will be seen below. The sensor device may be
constructed by adding an additional infrared channel to existing devices,
adding an infrared channel to a RGB color camera or a densitometer, or by 



extending the working band into the infrared region, e.g., adding infrared
capability to a spectrophotometer. The light source 18 and 20 used provides
sufficient radiated energy in both the visible region and the infrared
region, depending upon the sensor working band and sensitivity. All
possible values which are output from the sensor device 21 may be used to
form a vector space. For example, all possible values output from the
sensor device 21 with red, green, blue and infrared channels form a four
dimensional vector space R-G-B-IR, with the  vector space being termed a
sensor space S[err], with each output from the sensor device 21 being
termed a vector in the    - 14 - sensor space S[err], with the minimum
number of dimensions required by the sensor structure being 4.  Thus, as
shown in FIG.9, a set S[err] of elements e[err] and e[err] being given,
with the elements e[err] of the set S[err] being the vectors v[err]
corresponding to the output from the sensor device 21 of sensing a
production or current printed copy, and with the elements e[err] of the set
S[err] being the vectors v[err] corresponding to the output from the sensor
device 21 sensing a reference printed copy. In accordance with the present
invention, the printed image on a production or current copy may be
compared with the printed image on a reference copy in the sensor space,
and if the difference between the live copy L.C.[err] and the reference
copy R.C.[err] is within a predefined tolerance level delta, at least for
all the channels in the visible region of the sensor space, 



such that, [ L.C.[err]  - R.C.[err] ] < delta, the production or current
copy is said to be acceptable by definition. A set of variables may be
defined to represent the amount of ink presented in a given area.  For
example, a set of variables C, M, Y, and K can be defined to represent or
be a function of the amount of cyan, magenta, yellow, and black ink in a
given area. This set of variables may correspond to the ink volume, average
ink film thickness, dot size, or other quantities related to the amount of
ink in a given area on the paper surface.  The vector space formed by this
set of variables is termed an ink space S[err], with the ink space S[err]
having a dimension of 4 for a four color printing press 11. Thus, with
reference to FIG. 9, a set S[err] of elements d[err]    - 15 - The
difference between the production image and the reference image in the ink
space S2 thus represents the difference of the ink distribution for each of
the cyan, magenta, yellow, and black inks, as shown in FIG. 11. The
difference between the live and reference images in the ink space S2
indicates which printing unit should be adjusted, which direction, up or
down, it should be adjusted, and the amount of ink which should be
adjusted.   A suitable press control formula may be developed to adjust
press parameters, such as ink input rate in lithographic or letterpresses,
ink consistency in flexographic or gravure presses, water input rate in
lithographic presses, or temperature in any of the above, based on the
differences between the production and the reference image in 



the ink space S[err]. In accordance with the present invention, the press
adjustments can be achieved by the automatic control system 10, by press
operator alone, or by the interaction between the automatic control system
10 and the press operator. Also, the sensor device 21 may be used to
monitor the printing web of the press 11 directly,  i.e.,  on press
sensing,  or to monitor the prints collected from the folder of the press,
i.e., off press sensing. If the digital images from the color separation
processing, or the film/plate images are available, the image of the
reference copy in the sensor device 21 can be generated electronically by
the forward transfer function phi. The electronically generated reference
may be used to set up the press 11 in order to reduce the make ready    -
16 - time. The color reproduction quality can be maintained through the
entire press run, through different press runs on different presses, or at
different times.   Thus, a closed loop automatic color  reproduction
control  system  may be  formed without  an additional color control
target. The variation of ink, paper, and other press parameters can be
compensated such that the printed copies have the highest possible overall
results in matching the reference copy. As shown in FIG. 4, the camera or
sensor 22 may be associated with a rotating filter member 52 having filters
which only transmit 



the desired colors F[err], F[err], and F[err], such as red, green, and blue
during rotation, such that the camera or sensor 22 senses and records the
colors F[err], F[err], and F[err], sequentially or separately from the
printed material which may be taken either from the current press run or
from the reference press run. In addition, the filter member 52 may have an
infrared (IR) filter F4 in order to sense and record the energy reflected
form the printed material in the infrared region. The information received
by the camera or sensor 22 from the filters may be recorded in the computer
or CPU for use in forming the desired data to control the inks, as
previously discussed. In another form as shown in FIG. 5, the camera or
sensor 22 may comprise a charge coupled device (CCD) with built in filters
which converts light energy reflected from the printed material    - 17 -
into electric energy in a video camera, i.e. F[err], F[err], F[err], and
F[err], (IR), such as the distinct colors red, green, and blue in the
visible region, and the near infrared energy in the infrared region, in
order to supply the information to the computer 30 for storage and
processing, as previously discussed. Another embodiment of the camera or
sensor 22 of the present invention is illustrated in FIG. 6, in which like
reference numerals designate like parts. In this embodiment, the camera or
sensor 22 has a beam splitter in order to separate the incoming light
reflected from the printed material into an infrared beam for 



a first CCD 1, F[err] such as red for a second CCD 2, F2 such as green for
a third CCD 3, and F[err] such as blue for a fourth CCD. In this
embodiment, suitable prisms, lenses, or mirrors may be utilized to
accomplish the beam splitting of light in order to obtain the desired color
attributes in the various charge coupled devices to supply the information
to the computer 30 for storage and processing in the computer 30, in a
manner as previously described. Of course, any other suitable camera or
sensing device may be utilized to obtain the desired colors. Thus, a
control system 10 for a printing press 11 is provided which ascertains
three distinct attributes, such as colors, in the visible region of
electromagnetic waves and an attribute in the infrared region of the
electromagnetic spectrum for the printed inks. The control system 10
utilizes these four attributes in a four channel device to indicate and
control the ink colors for use    in the press 11. Thus, the colors may be
sensed from a sheet taken during a current press run, and from a sheet
taken during a reference press run, after which the sensed information is
utilized in order to modify ink settings of a press 11 in order to obtain
repeatability of the same colors from the reference run to the current
press run. In this manner, a consistent quality of colors may be maintained
by the printing press 11 irrespective of the number of runs after the
reference run has been made, and may be continuously used during a press
run if desired. 



A camera based color sensing device for a printing press control system
usually comprises of a set of lamp fixtures and a camera assembly.   In
order to accurately control the printing process, this color sensing device
should provide a position- invariant and time-invariant measurement.
However,  many  factors  will  effect  the  consistency  and repeatability
of the system.   The lens has an uneven light transmittance from the center
to the border. The amount of light produced by the lamp fixtures varies
from time to time.   The sensitivity of the image sensor may also drift due
to temperature variation and aging. Device and calibration procedures are
needed to provide a standard viewing condition for this camera based color
sensing system. As shown in Fig. 12, a four channel camera assembly 108 is
used for capturing images.  However, an integrated four channel    - 19 -
camera, such that shown in Fig. 5 or 6, has not yet become commercially
available  at the present time.    The two-camera approach shown in Fig. 2
provides a convenient way to reconstruct this four channel camera 108. In
this embodiment, a color camera is used for capturing red, green and blue
images and a monochrome camera for capturing near infrared images.   Each
of these four camera channels normally comprises a Charge Coupled Device
(CCD) image sensor. The working wavelength range of this camera assembly is
from 400 nm to about 1000 nm. This is about twice the range of 



the visible light spectrum. Like any other optical components, the light
transmitting characteristics of the lens is wavelength related. A special
lighting arrangement is often needed to ensure that a standard viewing
condition can be established for each of these four camera channels, even
if two cameras and two lenses are used.  This standard viewing condition is
also needed to maintain measurement consistency between two different color
sensing systems. As shown in Figs.  12 and 13, the preferred light source
comprises a first and second groups of lamps 100 and 102, respectively, to
provide light in both the visible region (400-700 nm) and the near infrared
region (700-1000 nm). At least one of the two groups of lamps 100 or 102
operates only in a single region, either the visible or the near infrared
region, but not in both. For example, the first group of lamps has an
output in both the visible and infrared regions. This covers the entire
400-1000    - 20 - nm spectrum. The second group of lamps 102 has an output
in the infrared region (700-1000 nm) only. A halogen lamp is rich in energy
in the desired 400-1000 nanometer spectrum and can be used in the two lamp
groups 100 and 102.  Some halogen lamps have filters to reduce the
undesirable energy output in wavelengths longer than 1000 nm. A lamp MR16
sold by General Electric with a Constant Color Coating is an example of one
such lamp. 



As shown in Fig. 14, energy output can be constrained to the desired
spectral region by using optical filters. A tempered color temperature
compensation filter, such as a SCHOTT FG3 filter with a proper thickness is
used in front of the first lamp group 100 to provide a standard D50 light
source with energy extended into the near infrared region. Lamps in the
second group 102 can be fitted with a tempered filter, such as a SCHOTT
LP78 filter, to block visible light while passing infrared light longer
than 780 nm. In order to reduce the ripple component in the light output, a
DC power supply can be used to drive these halogen lamps. Other light
sources, such as Xenon lamps, can be used, as long as they provide enough
energy in both the visible and near infrared regions. It is not necessary
that the size of the lamp be small. Lamps with large physical dimensions
can also be used.   Linear lamps would be an example of the device where
light output is present over a large area. As shown in Figs. 12 and 12a, a
calibration target 106 with a    - 21 - uniform light reflectance in the
visible and the near infrared region is positioned under a rectangular
camera viewing area 104. A blank sheet of paper can be used as the
calibration target 106 if it remains flat and smooth, and its material
content is homogeneous without granularity. Since this type of paper is not
prevalent and the quality is difficult to maintain, a special calibration
target can be constructed.  A uniform gray calibration 



target can be made with various paints and surface modifying agents so as
to have a flat spectral curve from 400-1000 nm. The gloss of this target is
similar to that of a blank sheet of paper used to print a reference or
production copy. As shown in Figs. 12 and 12a, the calibration target 106
is positioned in the field of view 104 of a four channel camera 108 so that
the target surface is near perpendicular to the optical axis of the camera
108. The light source is mounted 45 degrees with respect to the camera
optical axis to reduce the direct reflection from the target.  All
remaining surfaces outside the viewing are painted black with a mat finish.
A display lookup table is created to cause certain pixel values to become
more prominent as viewed on a color monitor. This allows the operator to
distinguish small changes in camera values so that the lamps can be
adjusted to cause the light over that target surface to appear more
uniform.  Using the above viewing method with a lookup table, the first
group of lamps 100 is adjusted to minimize the unevenness in the green
image. This can    - 22 - be done by pointing the lamps  100 to a different
position, readjusting the reflector of the lamps if it exists, or altering
the light distribution pattern by using a mesh screen material or neutral
density filters. The unevenness is checked in the red and blue images.  If
the light distribution patterns in the red and blue images are
substantially different than that in the green 



image, the spectral output of the individual lamps and filters should be
checked and corrected if  necessary. While keeping the first group of lamps
100 unchanged, the second group of lamps 102 is adjusted so that the
unevenness of the infrared image is also minimized.  Statistics for each
image, like standard deviation and average value, can be used to assist
this operation. Multiple images are captured from the calibration target
106 under this lighting condition. The images are averaged to remove
individual pixel noise.  A neighborhood averaging technique may be used to
remove any high spatial frequency noise.  The highest pixel value is found
within each averaged image.  An intermediate image is created by dividing
this value by each of the pixel values in the averaged image.  Each pixel
in the intermediate image is then multiplied by a constant gain factor,
e.g., 128 for an 8-bit image. This will create a light compensation image
for each of the four channels. The compensation process can be started by
multiplying an image of interest with the light compensation image.  The
result of this multiplication is then divided by the constant gain factor.
-23- and d[err] are given, with the elements d[err] of the set S[err] being
the vectors v[err] corresponding to the variables associated with the
production or current copy in the ink space S[err], and with the elements
d[err] of the set S[err] being the vectors V[err] corresponding to the
variables associated with the reference copy in the ink space 



With reference to FIG. 9, there exists at least one transfer function or
transformation phi which can map the elements d[err] and d[err] of the set
S[err] or the four dimensional ink space, into the elements e[err] and
e[err] of the set s[err] or the four dimensional sensor space, with the
transformation phi being termed a forward transfer function, as shown in
FIGS. 9 and 10. It is noted that the subsets in each set S[err] and S[err]
may overlap or may be the same. The forward transfer function may be used
in a soft proof system which can generate a proof image which can be stored
in the system as a reference or can be displayed on a CRT screen. With
further reference to FIG. 9, there exists at least one transfer function or
reverse transformation phi[err] which can map the elements e[err] and
e[err] of the set S[err] of the four dimensional sensor space into the
elements of d[err] and d[err] of the set S[err] of the four dimensional ink
space, with the transfer function being termed a reverse transfer function.
Thus, both the production image and the reference image in the sensor space
or set S[err] can be mapped into the ink space or set S[err] by applying
the reverse transfer function phi[err] point by point as shown in FIGS. 9
and 10.    - 24 - The purpose of this operation is to raise pixel values in
the darker areas to a level equal to those in the brightest area. The
resulting image corresponds to the image of interest as if it had been
viewed under a uniform light condition. The above compensation goal also
can be achieved by lowering 



the pixel values in the brightest areas to a level equal to those in the
darkest areas. Applying the above position related compensation process to
an image captured from the calibration target 106 will cause the resultant
image to become uniform. When this compensation process is applied to any
other captured image, it provides pixel values for the image as if the
target was illuminated by a perceived uniform lighting condition.  This
implies that as the target is moved within the field of view, image
features will maintain consistent pixel values. Thus, this position related
compensation provides a position-invariant viewing condition to this color
sensing system. In order to reduce the variation caused by the drifting of
the lamp and electronics, a gray scale calibration target can be used. As
shown in Fig. 15, a gray scale calibration target 110 consists of 12 steps,
each with different darkness.   The darkest and lightest steps should
represent the highest density encountered during the printing process and
the whitest paper used, respectively. The number of steps included in this
gray scale is based on the accuracy required.   Normally, 10 through 30
steps    - 25 - should be sufficient. The material used to make this target
should have a flat spectral curve. After creating this multi-step target,
measure the light reflectance from each step over the wavelength range from
400 nm 



through 1000 nm. Then calculate the averaged reflectance within the
bandwidth of each camera channel for each step. The next thing to do is to
determine a desired camera value for the lightest step.  This value should
be chosen high enough to provide a wide dynamic range, but be low enough to
prevent camera saturation under typical viewing conditions. Normally, the
sensing device has a known relation between the light input and the signal
output, such as a linear or a logarithm relation. Thus, desired camera
values for other steps can be calculated accordingly. Representative data
showing averaged reflectance and desired camera values of a 12 step target
are provided in Table 1. During the system setup, adjust iris or camera
gains so that the camera value obtained from the lightest step is as close
to its desired value as possible. Lock the iris or camera gain settings to
prevent any possible changes. The  following paragraphs  show  a
compensation  procedure utilizing this multi-step target to eliminate any
effect caused by component drifting. Capture an image from this gray scale
target. To reduce any stray light, a black background should be used behind
the gray target. Apply the position related compensation to this image.
- 26 - Obtain camera values for each channel and each step as shown in
Table 1.  Put the desired camera value and the measured camera value in a
graph for each camera channel.  An example of blue 



channel data is shown in FIG. 16.  Each data value represents a point in
the graph in FIG. 16.   A mapping can be created by connecting these points
on the graph. A thin dotted straight line is also included in Fig. 16 to
show the linear relationship. This mapping can be easily implemented by a
data lookup table. Mappings for other channels can be generated in a
similar way. The above procedure should be performed periodically to
compensate any possible component drifts. Thus, this camera value related
compensation provides a time-invariant viewing condition and greatly
improves the system repeatability. By applying the position related
compensation and then the camera value related compensation, a standard
viewing condition can be  established.    The  position-invariant  and
time-invariant requirements are satisfied. Thus, in accordance with the
present invention a standard viewing condition is provided for the camera
based color sensing system to provide improved results in the control
system of the printing press. The forgoing detailed description has been
given for clearness of understanding only, and no unnecessary limitations
should be understood therefore, as modifications will be obvious to those
skilled in the art.    - 27 - [err]  



- 28 - What is claimed is: 1.   A color sensing device for a printing press
control system, comprising: a plurality of lamp fixtures for providing
light in. the visible region and the near infrared region of the spectrum
to illuminate a viewing area; a camera assembly, said camera assembly
comprising multiple channels to capture images in the visible region and
the near infrared region, and at least one lens for generating said images;
a calibration target with a uniform light reflectance; means for adjusting
the distribution of said light so that image captured from said calibration
target in each channel of said camera assembly is as even as possible;
means for applying a position related compensation process in order to
obtain an image which corresponds to a position-invariant viewing
condition; and means for applying a camera value related compensation
process in order to obtain an image under to a standard viewing condition.
2.   The device of claim 1 wherein said lamp fixture includes a first and a
second set of lamps. 3.   The device of claim 2 wherein at least one of
said first and second set of lamps operates in only one spectrum region
selected from the visible and infrared regions.   



- 29 - 4.   The device of claim 2 wherein each set of said lamps further
includes means for filtering light produced by said lamps. 5.   The device
of claim 1 wherein said camera assembly has four separate channels. 6.
The device of claim 5 wherein said four separate channels are red, green,
blue and near infrared channels. 7.   The device of claim 6 wherein said
red, green, blue and near infrared channels are constructed by using an
integrated 4- channel camera with one lens attached. 8.   The device of
claim 6 wherein said red, green, blue and near infrared channels are
constructed by using a color camera and a monochrome camera, said color
camera providing said red, green and blue channels, said monochrome camera
providing said near infrared channel, each of said color and monochrome
cameras having a lens attached. 9.   The device of claim 1 wherein each of
said multiple channels of said camera assembly comprises a Change Coupled
Device image sensor. 10. The device of claim 1 wherein the optical axis of
said camera assembly is approximately perpendicular to the surface of said
viewing area. 11. The device of claim 1 wherein said light is emitted from
said lamp fixture approximately 45 degrees with respect to the optical axis
of said camera assembly.   



-30- 12. The device of claim 1 wherein said calibration target comprises a
blank sheet of paper. 13. The device of claim 1 wherein said calibration
target has a painted working surface which resembles the glossiness and
lightness of a blank sheet of paper. 14. The device of claim 1 wherein said
calibration target has a substantially flat spectral reflectance curve at
least in a wavelength range from 400 nm to 1000 nm. 15. The device of claim
1 wherein said adjusting means comprises means for altering the
illumination of said light in a selected portion of said viewing area. 16.
The device of claim 15 wherein said illumination altering means is selected
from a group comprising a mesh screen, neutral filter or other means for
reducing the amount of said light falling onto a selected portion of said
viewing area. 17. The device of claim 1 wherein said adjusting means
comprises means for altering the spectral content of said light in a
selected portion of said viewing area. 18.  The device of claim 1 wherein
said viewing area is a rectangular shape. 19. The device of claim 18
wherein said adjusting means comprises means for providing a higher
illumination of said light at each of four corner regions than at the
center region of said viewing area to compensate a lower light transmitting
rate through a border region of said lens.  



- 31 - 20. The device of claim 1 wherein said adjusting means comprises
means for providing a separate illumination adjustment for at least one
region selected from the visible and the near infrared regions to
compensate the different light transmitting characteristics of said lens in
the visible and infrared regions. 21. The device of claim 1 wherein said
adjusting means comprises a display means for viewing the image obtained by
said camera, and a programmable color display lookup table means for making
the image intensity variation more prominent. 22.  The device of claim 1
wherein said position related compensation process comprises means for
generating a compensation image from an image obtained from said
calibration target, and means for applying said compensation image to a
real image in-order to obtain an image which corresponds to a
position-invariant viewing condition. 23. The device of claim 1 wherein
said camera value related compensation process comprises a gray scale
calibration target and means for compensating image variations caused by a
change in one or more of lighting, lens setting and camera electronics.
- 32 - 24. A device to provide a perceived uniform lighting condition for a
control system in a printing press, comprising: 



a first and second set of lamps which provides light in the visible and the
near infrared region; means for filtering light produced by the lamps; a
uniform calibration target; a four color camera positioned to capture
images in the visible and near infrared region from the target; means for
altering the distribution of the light; means for removing noise from the
captured images; and means for providing a light compensation. 25.  A
device  to  provide  a  perceived  uniform  lighting condition for a
control system in a printing press, comprising: means for generating light
in the visible and infrared regions; a target used for calibration; means
for capturing an image in the visible and infrared regions; and means for
adjusting the light and provide a light compensation to form a uniform
lighting condition.    


